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{Uik nniuucij«ii ud operantm «f u ■ceuwo-opcac hwNt film Ito. l ( «a| i| ttt dudolld^ 
iffiifipcJ At a omit ir^J the ether vaitfaiglto pt¥ through lAJ+pttij *-tfc pom.™** ftvm ^e- ,} r 
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An optical ti jtivttvf.Mon ^tkiu « £imvtr*(iiAl In tuivt $UKiHi eta rind ipkJQfi 
||l>* many wjvrl(npih dtinncit can be uldiftd m the l i '(Hiv|^nra irvcblt 
handff 


)l^l \ prikluii then far j * - ? ^r»|lf-n»dc bwpQjK4i U[rnnJ to^pler with * atitf.' 

tvhiitnn iiuo tuiei thai ihc uveitum lowt ir M dH fw the M-pctvcnlcbsnj 
Jiui 4 7 .IK ft»f (he 40-prnciu channel 

ui If the input po*er * JtiQuW. finJ the output loth F « 4od f; 

I hi 1 iikl t he cucti low of the Cfiu pb 

(. i frnm the uitajhiled mIdcv^ p, nut P*. «nfi (tut the tphttiiif ratio tt JO v 
KM t tmuJff thccmipii-Tj!i ntimiii i.mciKm ol pull lengtht #i thniMi in h'if PltHar 
a luved IwonKdi uprred couplet The pertufmanco 4 re p«ch fur Hllt-nin *• 4 
I340 iim oferatmti Diitut* the behavior of tbe cobpkr foe each i fttijtb / & 
pull length » OOppad ji the felkwnui jwa*u A, a, C D t 1 . and each I 
KM i oi^htet the 2 ■ 2 coupler ui ^ IH where 4 ami K atr the mUAdi 

mpfocnlmi the field i1irn|tih^ Ihe input and output propapMol witn, rtyn 
lively Fof « fjven input at, we tnrpme the vcmditMui ih»t time it no 
mm from ihr wonl input port , tbji i* uj » C hind ciprcuofu f« ik 
iiahiffijumLy i And the reflectivity R in term* of the ekmcnti i ( in the wallenm 
mams S pled ill fraj ( 10-tti 

IM, \ 2 * ? UMjpb h*s i i 1 4 mm .« 0 06 mm 1 * Aid A/ U Bint 

lonp ihiTuld it he ftt mtLc a t JH power divider' II that trngth h ik^uNcd that 
IreeiKm of the input pot ter emerge* from the tocond channel' 

INk Sup|\hf we hot dm 2 * - *m|u»ik (d'uplfn A *nd Hi that kir 

ukiiiHji&l channel geuEnctntt and ipactn#** ud are formal on the umc Mihtwr 
mate™ I If the mdrfc of refraeuon of coupler A » latter thin that of couplet 1. 
which device hat a larva coupling coefficient a? Whit Joe* din- imply iho-jt tfce 
ileuee lengths needed in each eae to form a MB Coupler 1 ' 
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I §-7. WifaMirtffltftU tm i 7 * 7 mr couple yield the micrtion k«io from mptf port I to 
wh i'uipui port tbm to TiMr PI1V* Kind the Mil chew low ihrouyh ihc 
tuurlo fat input* Id pen I 
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|M. Cunviiki an Dpljul fiber litninjiwu mr «;\nrpln that hat wvtii mptni .md n-ttn 
outpet* Suppnc tlx couplet n connffucicd by atrattfririf the ■evtfi (llvt* m j 
uivulat pattern i* of mi *ith one in ihc tfftlfi 1 4nd bulling them ae.iiml 
the end of a rlj.it rod that wno dt the mmn| element 

mi If the fiber* have cote diameter* and I2^irm ruder child mg diamelcrm 
what t* the couple Mm rrmltme from h|hi ocajKttg bei*wo ihc fibet cum' 
Ut ihc rod damctfff be iMUjjm \v*ume (he fiber cteddittg « noi cento* trd 
l*> Whit i« the coupling Iom it thr fiber end* ate arranged in a row and a Stb 
i*m ■ KW-pm |Uh plate i* u*ol it the iUr coupler? 
l#*f, Repeal I’r.ib llkn for <irti fiber v I hat have 2 Ui-j f iij cure diameter* and 4ilf-#iro 
■ mier cUJtlnsjf dumeicsi 'klui dwmld ihc u/ci of ihr glaw i»i and ihc giaM plalc 
be in ihn awf 

141(1, SuppMc ja A ■ V >ur coupler n conit nuclei! of r 34A 2 * 2 coupkrr'i otfi ol 
itnch hoi a 0 1-dR e»<*w tow Find the nuRiuiiim valor of n and Ihc mawmum vux 
* if Ihc power budget for ihc nar couple* n *U 4B 



416 nt'Mii •*.. im \MI C *jvf» ‘\t * : - 


10- H Using Fa) c 10- 2^ for the 2 x 2 coupler propagation maim. denw the exprouom 
for lf, (1 l/;,. «nd tfa in Eq (IO-35) From thtv, find the more general 

cxprevsiotu for the output powers given hy Eq* I jO-lH| a oil { 10-19) 

10-12, Confide* ihc 4 h 4 multiplexer shown tn Eig 10*14 

(a) If *i ■ 1 $4K nm jnd 4i' = 125 OH/. what ere the Four input wavelength*'’ 
<fr) Ifv. * U. *hni are the uluo of Al\ and A/.i 1 
IWi FoUowmqf the sime line of anaJyviv *» tn Example 106. u*e 2 * 2 Mach-Zetunk* 
iiiierferometen to design an ft-to- l multiplexer ilut can handle a channel tefut* 
turn of 25 OHe Ixt the ihortcvi wavelength he 1550 nm Specify the value of A I. 
for the 2*2 M/I t in each vlage 

10-14 A plane reflection grating can be lived a* a vtAVeknglh-divmon multiplexer '«■ her 
mounted a> shown m Eig j*UH4 The angular properties, of thtv grating are givn 
b> the grilling equation 

U 

un4 - vtftH = — - 

•A 

where A ti the grating period k it the interference order, n » the refractive index of 
the medium between I he lem and ihc grating, and # and if are the angles of the 
incident and reflected beams, respectively, meaiuied normal to the grating 
In) Living the gra ling equation, *how that the angular dispersion i* given by 

_ k 2 land 
dk «A co*h X 

lM If the fractional beam spread S i* given bv 

S = 2i I +m)^Wf> 

where m tv the number of wavelength channels, find ihe upper limit on N for beam 
spreading of k» than i percent given that AX * 26 nm. A * 113d nm. and m - 3 
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10-13, On the him graph, make plots of the reflectivity f- 1 given by Eq f 10-4M and the 
irammuirvity f 1 - for a fiber Bragg grating n a function of *1 Tor 
0<<t<4 If * - 0.7$ mm 1 . at what grating length don one get 91 percent 
refkctlvtiyT 
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|0- Ib„ (This problem n hem solved dung a numerical program cm a rompuicr j Itaved on 
coupled-mode theory. the reflectivity ol a fiber grilling is given hv 4 - 


\*L? *mh : i5U 

(*/»,)* tfnhftSA) + mr codflSU 


foe Ul.y -Mtffr 


and 


{tLrun^QLi 
WU* - inL?co% 2 (QU 


where 


fin 


St t&fil i 



1/2 


and 


Ql = (AfiLn I 



I : 


Merc. =- ff pjt) A 2?r « 1( | , *. px A. with A being the grating period and /> an 
integer For value* of a I. * 1.1 3, and 4. plot fiM.t at a function of Apt. for the 
range - 10 5 &&!■ 5 (0. Nuir (hat it found h> vetting Afi = ft 
1D-1T. t sing liter expression feu Hit t. ■ given tn t’roh 10- 1 A. dense I n 1 10-49). which gives 
Hie full bandwidth Ai measured between the zeros. on either side of K Nl „ 

HMA A 0.5 -cm -long fiber Bragg grating is constructed by irntdiating a single-mode fiber 
wiih a pair of 244- tun ultraviolet hghi beam*. The fiber has I = 2 405 and 
fT„ ( - l 4b rhe hair-angle He I ween the two beams ts ti/ 2 1.1 5 If the photo- 

induces] index change a 15 - Ift \ find ihe following 
rm the grating period* 

(hi the Bragg wavelength. 

U i the dimpling cnclTh'icnl. 

id) the lull bandwidth V- meavuied hciween the zero* on either side ol K m ,, 

(i i ihe maximum icflevtisiiv 

10-19* Show ihui F*q. (10-55) follow ■* lrr»m the diffcreniuiinn of liq. 1 10-53) with respect to 
frequency 

HUM. Consider a waveguide grating multi pie xci that ha* the vjIiio (or (he operational 
variables livird in Table P10-20 
fir) I trul the waveguide length difference 

[Aj ( ukulilc the channel spacing Ai and the ctirrcipoadtAg pass wavelength dif- 
ferential J5> 
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1431 
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tiro up index for «. 

1 475 
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Slab waveguide index 

1 45J 
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Input output waveguide tracing 
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